Physical measurements.
First, the enclosed volume of air inside the kettle is set into vibration by an external loudspeaker driven by a random noise generator. The vibrations of the membrane are damped with the help of a light glass wool mamss. The internal modes are identified from FFT analysis carried out on the signal delivered by a microphone located inside the kettle. Removing further the glass wool shows the influence of the load by the membrane on the modal parameters of the cavity. In a second series of experiments, the kettledrum is excited in a standard way. The membrane vibrates freely after a short interaction with a mallet. The force imparted by the mallet and the motion of the membrane are measured by means of appropriate transducers. The pressure is recorded by a second microphone located outside the kettle at roughly the same distance from the instrument than the ears of the player. From these experiments the radiation efficiency of the main eigenmodes of the insaument are evaluated. Both series of experiments are camed out in an anechoic room. In Figure 1 , one can see typical pressure spectra obtained in various situations with the same mallet (Vibrawell C6-12). Fig.1 -a represents the external sound spectrum for a light saiking (initial velocity VHO = lrnfs) near the center. Fig. 1-b shows the modifications in this spectrum for a stronger impact (VHO = 3 mls). In Fig  1- c, one can see that a light striking (VHO = I d s ) of the membrane near the edge provideus with a nearly harmonic spectrum, which leads in turn to a well-defined pitch. L i e in Fig 1-b , the drastic changes in the spectral content in Fig. 1-d are due to the nonlinearity of the felt, for a striking near the edge with VHO = 3 d s .
Synthesis.
The main results of the experiments are integrated into the synthesis program. Here the wave equation of the membrane is sampled in space and time by means of a fmite differences method described in a previous paper [I] . This efficient method providaus with synthesized sounds in the time domain. The most salient modes of the kettle are simulated by second-order mechanical filters which are spatially distributed on the surface of the membrane. The excitation force is modeled by a nonlinear compression law of the felt. The frequency dependence of the internal losses are approximated by a second-order polynom, following the method described elsewhe~ [Z]. The auditory comparison between real and synthesized sounds highlights the perceptual relevance of three major features of the instrument : the intermodal coupling, the nonlinearity of the mallet and the striking position. Figure 2 shows a comparison between measured (a) and simulated (b) acceleration of the impact mallet (Vibrawell C6-12), for an initial velocity of 1.6 m/s (mf) near the edge. The numerical model accounts for the impact duration as well as for the value of the maximum. In the synthesis, the interaction force is assumed to be roughly equal to the product of this acceleration by the total mass M , of the mallet. Striking near the center of the membrane leads to a more distorted plot, due to the rebound (see Figure 3) . The simulation (Figure 3-b) reproduces this feature very well. 1. . . , .
Results.
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. . - It is plain that the nonlinear excitation not only modifies the level of the response, but also its spectral content. Figure 5 shows the results of the Prony analysis [3] for the estimation of the damping factors of the main modes. For an excitation near the center, the symmetrical modes of the membrane are strongly coupled with the modes of the cavity, and exhibit therefore relatively high damping (upper curve : thick line). In the normal use of the instrument, i. e. for a striking position at r/4 from the edge (where r is the radius of the membrane) only a few number of modes remain coupled with the cavity and the damping is mainly due to the polymer itself (lower curve : thin line).
In this context, the dashed line represents the parabolic approximation of the internal losses bl + b3 3 which is of particular interest for time-domain simulations [2] . 
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